Abstract-Advances in robotic technologies have enabled interactive robots to utilize humanlike social behaviors to interact with people in public places such as museums. While these behaviors have shown promise in engaging people, they have been designed and applied to users uniformly. Humans, however, behave differently according to their relationships with others. Behavioral changes, from neutral to friendly, contribute to the development of interpersonal relationships. Friendliness, in particular, plays an important role in the early development of a relationship. In this work, we explore how an interactive robot might nonverbally express a variety of friendly behaviors in a museum scenario. Four behavioral variables-response time, approach speed, individual distance, and attentiveness-contributing to perceived friendliness were modeled and implemented for the interactive museum robot. The results of our study showed that people perceived the differences in the designed robot behaviors and related those differences to the friendliness of the robot to varying degrees. This work serves as a building block toward the development of human-robot relationships and has implications on designing friendly behaviors for interactive robots.
I. INTRODUCTION
With the advances in robotic technologies, robots have been deployed to interact with people in public places such as museums [9, 30, 32, 35] . To engage and build rapport with people, interactive museum robots have been designed to use verbal speech and nonverbal behaviors during exhibition guiding. Friendliness is particularly important to the formation of positive impressions and the key ingredient in the early development of rapport and relationship [40] . Prior work has shown that friendly behaviors, manifested in sounds and facial expressions, are important for an engaging museum robot [32] .
While using engaging and friendly behaviors might have shown promise in improving people's visit experiences in the past, they were designed and applied uniformly to all visitors. However, human guides ordinarily change their behaviors gradually to match and form relationships with visitors. For example, in designing our study, we observed that a human museum guide gradually showed friendlier behaviors, such as verbally referring to previous interaction experiences, toward people who repeatedly visited the museum and were considered important visitors. Therefore, interactive museum robots should employ friendly behaviors accordingly to regulate and foster the development of relationships with users. For instance, a museum robot may exhibit friendlier behaviors towards the frequent, important visitors to build rapport and The first author is now affiliated with the University of Wisconsin-Madison (cmhuang@cs.wisc.edu).
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enhance their visit experiences. However, if the robot acts overly friendly towards a first time visitor, the visitor might feel intimidated and socially awkward.
In this paper, we aim to investigate how interactive robots might exhibit behaviors differently and leverage the differences in behavior to convey varying levels of friendliness that contribute to the formation of rapport and relationships [40] . We contextualized the investigation in a museum scenario in which an autonomous humanoid robot, acting as a tour guide, interacted with participants. Our investigation involved understanding how people might behave differently toward others according to their relationships (Top of Figure 1) , building a behavioral model of varying friendliness for the humanoid robot, and evaluating the model in a human-robot interaction study to assess whether or not participants could perceive the differences in the robot's behaviors and how they related the differences to their perceptions of the robot (Bottom of Figure 1 ). Findings of our investigation provide insights into designing friendly robot behaviors to engage people and support the development of human-robot relationships.
II. BACKGROUND

A. Human Behavior and Interpersonal Relationship
Interpersonal relationships govern how humans use behavior during interaction. Humans do not use behavior uniformly toward other people whom they have different relationships with. For example, people exhibited different spatial behaviors, such as seating preferences, toward those whose status was higher, equal, or lower than themselves [25, 37] and maintained different interpersonal distances while interacting with those whom they had different friendships with [17, 19, 43] .
Moreover, gradual changes in behavior are closely related to the course of relationship development. The development of interpersonal relationships has been conceptualized as a layered construct and described as a process of social penetration [2] . It involves (1) exchanges of interpersonal verbal and nonverbal behaviors and (2) subjective assessments associated with the behaviors to evaluate a person and the interaction with that person. As the relationship grows, the process of social penetration moves from superficial, outer layers to intimate, inner layers, resulting in changes in uses of behaviors, such as becoming more behaviorally open and accessible by maintaining greater eye contact.
Through the process of forming relationships, a feeling of rapport emerges between individuals. In particular, friendliness is key to the formation of positive impressions and the early development of rapport and relationship [40] . For instance, in service encounters, service providers utilize nonverbal behavior to show friendliness and build rapport with their customers, leading to improved perceptions of service quality [38] . While friendly behavior plays a key role in building rapport and developing a relationship, it is important to employ appropriately friendly behaviors. Indeed, the ability to display friendly behaviors that match the corresponding interpersonal relationship has developmental significance. Indiscriminate friendliness describes the lack of this ability to apply friendly behaviors in an appropriate way during interaction [41] . For example, young children with indiscriminate friendliness display overly friendly behavior when interacting with strangers.
Friendliness is communicated through multiple behavioral channels. Individuals draw on a variety of immediacy behaviors-aiming to reduce psychological distances with othersto build rapport and increase levels of friendliness [27] . Immediacy behaviors, such as standing closer, making more eye contact, and orienting more directly, present more opportunities for immediate interaction to gain affiliative relationships and desirable outcomes. For example, people use a shorter distance to earn approval [31] , gain compliance [16, 33] , and increase perceived persuasiveness [1] .
Proxemic behaviors, concerning individuals' use of space, are one of the most effective nonverbal behaviors to signal interpersonal relationships. Hall placed individuals' use of distance in interaction into four layers-intimate, personal, social, and public distance [17] . This layer structure is analogous in structure to the process of social penetration. The use of distance is regulated by people's attitudes and relationships with others [18] and is used as a measure of friendship [28] .
To build affiliative relationships and have affective interactions with their users in public places such as museums, robots need to communicate friendliness effectively. Nonverbal behaviors are particularly effective for affective communication [5] and a key constituent of the feeling of rapport in individuals [40] . In this work, we aim to explore the design space of how robots might nonverbally communicate friendliness to varying degrees, serving as a building block for the development of human-robot relationships.
B. Robot Behavior and Human-Robot Relationship
To enable effective and natural interactions between humans and robots, robotics researchers have drawn on models of human interaction and literature in human communication to equip interactive robots with a repertoire of social behaviors including gaze, gestures, proxemic behaviors, and more [21, 22, 23, 29, 39] . A robot's behavior affects how people would interact with and perceive it. For instance, a robot's gaze cues were shown to regulate how people would distance themselves from the robot [29] . While appropriately designed social behaviors have been shown to be effective in eliciting desirable outcomes, such as preferred perceptions of the robot, it is unclear whether or not applying these behaviors uniformly to people meant to interact with the robot repeatedly in a long period of time would yield similar outcomes.
As in human interaction where people change their preferences and acceptance of others' behavior according to their relationships [2, 3] , people also show similar changes in interacting with robots. It has been shown that people who self-reported previous experience with robots accepted a robot's position at a shorter individual distance [39] . Moreover, research further demonstrated that participants' preferences for a robot's approach distance changed over a five-week investigation [24] . As the investigation progressed, participants accepted a shorter interaction distance with the robot, especially when the robot's appearance was humanlike. These changes may be due to the participants developing a relationship with the robot, suggesting that people preferred when the robot's behavior matched their perceived relationship as time went on.
To facilitate the development of relationships with their users, robots should apply behaviors adaptively in the course of a relationship as a way of building rapport and communicating affective states such as friendliness. Similar to the social penetration in interpersonal relationships, the relationships between humans and robots are formed as behaviors change from detached, neutral to close, friendly.
III. MODELING FRIENDLINESS FOR A ROBOT
This section presents the process of building a behavioral model of varying friendliness. This process involves (1) collecting data on manipulated behaviors in inducing varying perceived friendliness, (2) identifying key behavioral variables that contribute to the induced perceptions, and (3) extracting parameters for those behavioral variables from the data.
A. Data Collection
We designed a museum scenario in which participants acted as an exhibition guide and a male confederate acted as a visitor ( Figure 2 ). We manipulated the participants' behavior towards the confederate by asking them to behave as if they were guiding a visitor of three different status as of low, medium, or high importance (cf. [25, 37] ). A similar approach to manipulating participants' behavior by manipulating their attitudes toward the other was used previously to study interpersonal distance [2, 26, 31] . In addition, we manipulated the confederate's gaze behavior. In one case (gaze cuing), the confederate gazed at the participant while attending to the exhibit. In the other case (without gaze cuing), the confederate attended to the exhibit without making eye contact with the participant. This gaze manipulation represented two typical gaze behaviors in an exhibition setting. Gaze cues have been shown to affect human spatial behavior [4, 29] , a major part of interaction in a museum setting.
To ensure that the manipulation of the participants' attitude toward the confederate successfully elicited different behaviors and to understand how these behaviors were related to perceived friendliness of the participants, three raters, two native Japanese speakers and one native English speaker blind to the manipulation, rated the friendliness of the participants using a seven-point scale. Inter-rater reliability analysis using interclass correlations (ICC) [36] revealed high correlations between the three raters (ICC(3,3)=.927). We further used a two-way fixed-effects analysis of variance (ANOVA), using the manipulated attitude and the confederate's gaze cues as fixed factors, to analyze the perceived friendliness of the participants. The manipulation of the participants' attitude had a significant effect on the perceived friendliness, F(2, 78) = 198.07, p < .001, η 2 p = 0.492. A post-hoc Tukey's HSD test further showed that the raters rated participants who guided the confederate of high status to behave in a significantly more friendly manner than those guiding the confederate of medium status, and participants guiding the confederate of medium status were perceived to behave in a significantly more friendly manner than those guiding the confederate of low status. These results suggested that participants used behaviors of different levels of perceived friendliness in interacting with the confederate they thought having different relationships with.
The participants were instructed to stand next to the exhibit while waiting for the visitor to arrive. Once the visitor entered the exhibition room, the participants could approach the visitor and greet him (Figure 2 .A). After greeting him, participants moved to a waiting position while the visitor went to see the exhibit ( Figure 2 .B). Then, participants could approach the visitor to present the exhibit (Figure 2 .C). After presenting the exhibit, participants moved to a waiting position and waited for the visitor to leave the exhibition room. Note that whether or not to approach and greet the confederate and present the exhibit was the participant's choice. This scenario included two typical interaction events-greeting and presenting-in a museum setting. The confederate was trained to behave the same regardless of the participants' behavior.
Fourteen participants (six females and eight males) ranging from 19 to 23 years in age (M = 20.90, SD = 1.29) were recruited for this study. All participants were native Japanese speakers and were compensated 3000 Japanese yen for their participation. In addition to a video recording of the interaction, both the participants' and confederate's walking trajectories were recorded using a tracking system for behavioral analysis. Each participant enacted the role of exhibition guide for the six combinations, yielding 84 interaction episodes.
B. Interaction Observation
From the collected data, we observed that participants displayed behaviors differently when interacting with the confederate of different relationships, leading to varying levels of perceived friendliness. These observations were consistent with the literature in interpersonal relationships [2, 14] . In particular, we observed that the participants used different interpersonal distance and showed varying levels of readiness to interact when guiding the confederate of different relationships. It appeared that participants who stood closer to and readily displayed an intention to interact with the confederate were perceived to show greater friendliness. Another observation was that participants of different perceived friendliness chose different areas to wait after greeting and presenting.
C. Behavioral Variables
From the above observations, we identified four behavioral variables-response time, approach speed, interpersonal distance, and attentiveness-that differentiated perceived friendliness ( Figure 3 ) and considered the four variables for both greeting and presenting behaviors in the following analyses.
Response time was defined as the time difference between the trigger action from the confederate and the response action from the participant. For the greeting behavior, it was defined as the difference between when the confederate entered the exhibition room and when a participant started to approach to greet him. For the presenting behavior, it was further defined by the manipulation of confederate's gaze behavior. In the case of no gaze cuing, the response time was measured by the difference between when the confederate stopped in front of the exhibit and when the participant started to approach him. In the case of gaze cuing, it was measured by the difference between when the confederate gazed at the participant and when the participant started to approach. We considered this variable contributing to the perceived friendliness because responsiveness has been suggested to support the formation of rapport and the development of relationship [40] .
Approach speed was calculated as the distance between the beginning and end position of approach, divided by the travel time of the movement. Individual distance was the distance between the participant and the confederate during the event of greeting and presenting. Attentiveness was determined by the location at which the participants chose to wait. We categorized waiting locations into two cases. One is within the visitor's visible area, representing high attentiveness, while the other one is outside of the visitor's visible area, representing low attentiveness (Figure 4 ).
These four behavioral variables, operating in the temporal (i.e., response time and approach speed) and spatial (i.e., individual distance and attentiveness) domains, contribute to the construct of openness and accessibility in communication [2] . In the following paragraphs, we verify whether or not participants' behaviors, manifested in the four variables, differed significantly when they were related to various friendliness. We used a two-way fixed-effects analysis of variance (ANOVA), using the manipulated attitude and the confederate's gaze behavior as fixed factors, to analyze response time, approach speed, and individual distance. A chi-square test of independence was used to analyze participants' attentiveness.
D. Greeting Behavior
Participants of low perceived friendliness did not approach the confederate to greet him. Thus, they were excluded from this analysis. For all the measures there was no main effect of the confederate's gaze behavior. Hereafter, we focus on the effect of the manipulated attitude on behaviors of varying perceived friendliness. 
E. Presenting Behavior
In analyzing participants' presenting behavior, we further considered the confederate's gaze behavior. In the case of no gaze cuing, only three participants of low perceived friendliness approached the confederate to present the exhibit. This small amount of data yielded a large variance in standard error: twice as much variance as in the other cases. We, therefore, excluded this data in the following analyses. s HSD test showed that the participants' approach speed between low and medium friendliness, p < .001, and between low and high friendliness, p < .001, differed significantly; however, the speed differences (SD = 301.93) for participants of low, medium, and high perceived friendliness, respectively. There was a significant main effect of the perceived friendliness, F(2, 35) = 24.24, p < .001, η 2 p = 0.581. A post-hoc Tukey's HSD test showed that individual distance between low and medium friendliness, p < .001, and between low and high friendliness, p < .001, differed significantly. However, there was no significant difference found between medium and high friendliness, p = .520. 4) Attentiveness: After presenting the exhibit, all the participants waited at locations of the same attentiveness as those they chose to wait after greeting the confederate.
F. Summary
The above results confirmed our observations and supported the notion that people behave differently according to their relationships with and attitudes toward others [2, 10, 13, 20, 40] . Moreover, the results were consistent with the literature suggesting that greater openness and accessibility in communication signifies a closer relationship [2, 27] . Particularly, participants of higher perceived friendliness tended to respond faster, approach more quickly, maintain a shorter distance, and wait inside the confederate's view.
IV. CONTROLLING FRIENDLINESS IN A ROBOT
In this section, we present the implementation of the behavioral model of friendliness in an interactive robot.
A. Interactive Robot System
A humanoid robot [34] , as shown in Figure 5 , was used to test the human behavioral model described in Section III. This humanoid robot is appropriate for our work for several reasons. First, its biped movements are suitable for simulating humanstyle approach behavior. Second, its humanlike appearance provides comparable interaction stimuli as those in human interaction. Finally, the robot was designed for purposes such as assisting and engaging with people.
B. Behavior Parameters
Table I summarizes behavior parameters implemented for the robot in the evaluation study. These parameters were derived from the collected human data; however, they were adjusted for the humanoid robot used in this work.
To cope with the speed limit and system control of the robot, we adjusted the speed parameters proportionally to 0.75 m/s and 0.49 m/s for high and medium friendliness, respectively. Additionally, the systematic delay in the robot and controlling software was longer than the suggested human response time; therefore, we also adjusted the parameters for response time proportionally. To account for noises in the sensor data for locating the position of the visitor, 200 mm was added to the distance parameters, resulting in 1.5 m and 2.5 m for high and medium friendliness, respectively ( Figure 5 ). Finally, in our pilot study with the robot, participants naturally turned to face the robot when it approached. However, the confederate was trained to face the exhibit in the data collection study. Therefore, the parameters of individual distance in the presenting behavior were set to the same as those used in the greeting behavior, reflecting a face-to-face interaction.
As suggested by the human data, an exhibition guide tended to pick a location that is either visible or invisible to the visitor while waiting. The human horizontal field-of-view on average is 200
• [42] . Thus, the attentiveness of the robot was defined based on a visitor's current field of view (i.e., ±100
• from the direction of attention), as illustrated in Figure  4 . Since people of medium perceived friendliness did not have a particular preference for waiting locations, the robot of medium friendliness picked a location that was closest to its current location, independent of the visibility of that location
V. EVALUATION OF HUMAN-ROBOT INTERACTION
An evaluation in situated human-robot interaction sought to assess the validity of the behavioral model. We aim to 3D Human Tracking System Exhibit #1 Exhibit #2 Exhibit #3 Fig. 6 . The experimental setup for the museum scenario used in the humanrobot interaction study. An array of 3D human tracking system was deployed to track where the visitor was in the exhibition room.
test whether or not the designed robot behaviors of different friendliness would shape participants' perceptions of the robot's friendliness.
A. Contextualization 1) Scenario and Environment:
We contextualized the evaluation in a museum scenario, shown in Figure 6 . Three exhibits were set up in a 14-m by 7.7-m room. An array of 35 3D sensors (ASUS Xtion) was deployed and mounted on the ceiling of the exhibition room for the purpose of tracking people's position every 33 milliseconds. We used the tracking technique, as informed by [8] , in both the evaluation study and data collection study. The integrated system, including the humanoid robot, the controlling system, and the human tracking system, ran autonomously in the evaluation study.
2) Robot Behavior: In addition to the implemented behaviors (Section IV-B), we adapted some behaviors for the evaluation of this particular experimental scenario. For the presenting behavior, we used the parameters from the case of without gaze cuing, because we did not anticipate participants gazing at the robot frequently and intentionally, given that they were instructed to act as a visitor and were informed that there was a communication robot acting as an exhibition guide.
We designed minimal speech for the robot in this evaluation study, as we wanted to focus on the effects of nonverbal behavior on conveying friendliness. The speech for greeting was a short phrase to welcome the participant. The speech for presenting was a short sentence describing the exhibit. The description for each exhibit was created to have a similar amount of information and length. The contents of speech were the same across experimental conditions.
While the human data showed that participants of low perceived friendliness did not approach to greet the confederate, more than half of the participants acknowledged the presence of the confederate by gazing toward him and provided a minimal verbal greeting. Therefore, in the evaluation, the robot of low friendliness gazed toward the participant and provided the verbal greeting, but did not approach participants.
B. Experimental Conditions, Design, and Procedure
Based on the derived model of friendliness, we developed three conditions for the evaluation study.
• Low friendliness: The robot displayed behaviors using the parameters of low perceived friendliness as shown in Table I . We expected participants to perceive the robot to be inattentive and less willing to interact with them.
• Medium friendliness: The robot displayed behaviors using the parameters of medium perceived friendliness as shown in Table I . We expected participants to perceive the robot a bit more willing to interact with them, yet they might feel distant from the robot.
• High friendliness: The robot displayed behaviors using the parameters of high perceived friendliness as shown in Table I . We expected participants to perceive the robot to be attentive and willing to interact with them, minimizing feelings of distance with the robot.
We designed a within-subject experiment in which each participant acted as a visitor in a series of three trials, one for each condition. After receiving consent, the experimenter briefly introduced the experiment to the participant. For each trial, the participant were told a different exhibit to visit. The order of the robot's level of friendliness and the order of the exhibit to visit were counterbalanced. After each exhibit visit, the participant was asked to fill out a questionnaire regarding his or her perceptions of the robot for that particular trial. The participant repeated this procedure for the remaining trials. After all three trials, the experimenter interviewed the participant for additional comments on interaction experience.
In the beginning of each trial, the robot stood roughly at the center of the exhibition room, as if it was attending to one particular exhibit. When a participant entered the exhibition room, the robot, after the manipulated delay, acknowledged the presence of the visitor through gaze and greeted him or her. In the conditions of medium and high friendliness, the robot approached the visitor with the specified speed and stopped in front of the visitor with the specified distance. After giving a greeting, the robot walked to a waiting position, either visible or not visible to the visitor. After the specified delay, the robot approached the visitor to present the exhibit that the visitor was attending to. The behavioral parameters for approach speed and individual distance were applied to this presenting behavior. After presenting, the robot walked to a waiting position, according to the experimental condition, to wait for the visitor to finish the visit and leave the exhibition room. Note that in the condition of low friendliness, the robot did not approach to present the exhibits.
C. Hypotheses
In addition to the perception of friendliness, friendly behaviors might affect the feeling of liking [40] . Therefore, we developed two hypotheses regarding how participants might relate the robot's behaviors to their perceptions of the robot in terms of friendliness and likeability.
Hypothesis 1: Participants will perceive the robot exhibiting behaviors intended for high friendliness to be friendlier than the one exhibiting behaviors intended for medium friendliness and the robot exhibiting behaviors intended for medium friendliness to be friendlier than the one exhibiting behaviors intended for low friendliness.
Hypothesis 2: Participants will perceive the robot exhibiting behaviors intended for high friendliness as being more likable compared to the one exhibiting behaviors intended for medium friendliness and the robot exhibiting behaviors intended for medium friendliness as being more likable than the one exhibiting behaviors intended for low friendliness.
D. Measurement
To measure how friendly the robot was, we used the friendliness scales from the established personality tests [11, 12] ; items were adapted to refer to robots. The resulting scale of friendliness consisted of eight items (Cronbach's α = 0.88). The Likeability scale (5 items, Cronbach's α = 0.91) [6] was used to measure how likable the robot was. All the items were in a 7-point rating scale in which 1 represented strongly disagree and 7 represented strongly agree.
E. Participants
43 participants (15 females and 28 males) were recruited for this evaluation study. The participants were aged from 18 to 27 (M = 21.81, SD = 1.98) and reported that their familiarity with robots was on average 2.79 (SD = 1.60), using a 7-point rating scale. Of all the trials, nine trials were excluded due to system failures, yielding 120 valid trials for the data analysis. All participants were native Japanese speakers and were compensated 3000 Japanese yen for their participation.
F. Results
A repeated-measures mixed-effect analysis of variance (ANOVA) was used to analyze the data. The manipulated friendliness of the robot was set as the fixed effect. We also included visited exhibit and visit order as covariates and set participant as a random effect. For all the measures, there were no significant effects due to visited exhibit and its order. Hereafter, we focus on the results caused by the manipulated friendliness. The results are summarized in Figure 7. 1) Perceived Friendliness: Our first hypothesis predicted that participants would relate the robot's behaviors that were intended for different levels of friendliness to their perceptions of the robot's friendliness accordingly. Our results supported this hypothesis. Participants' ratings of the friendliness of the robot were on average 2.99 (SD = 0.83), 4.13 (SD = 1.04), and 4.55 (SD = 0.89) for the robot of low, medium, and high friendliness, respectively. An analysis of variance revealed that there was a main effect of the manipulated friendliness of the robot, F(2, 101) = 33.30, p < .001. Other factors and interaction effects were not significant. A post-hoc Tukey's HSD test further showed that the participants rated the robot intended to be high friendliness to be friendlier than that intended to be medium friendliness, p = .045, and the robot of medium friendliness to be friendlier than that of low friendliness, p < .001.
These results indicated that the designed behaviors operating on the designed variables successfully conveyed different levels of friendliness and influenced participants' perceptions of friendliness of the robot accordingly.
2) Perceived Likeability: Our second hypothesis predicted that the manipulated behaviors intended to show different levels of friendliness would affect how likable participants would perceive the robot. Our results partially supported this hypothesis. Participants' ratings on the likeability of the robot were on average 3.26 (SD = 0.91), 4.35 (SD = 1.07), and 4.56 (SD = 0.97) for the robot of low, medium, and high friendliness, respectively. An analysis of variance showed that there was a main effect of the manipulated friendliness of the robot, F(2, 101) = 20.62, p < .001. Other factors and interaction effects were not significant. A post-hoc Tukey's HSD test revealed that there were significant differences between the condition of low and high friendliness, p < .001, and between the condition of low and medium friendliness, p < .001. However, a significant difference was not found between the condition of medium and high friendliness, p = .334.
These results suggested that while the manipulated behaviors affected the participants' perceptions of how likable the robot was, the behaviors expressed by the robot in the conditions of medium and high friendliness might have met people's expectations for being likable to a similar degree.
3) Qualitative Results: In addition to questionnaire evaluations, participants' comments in the post-experiment interview also provided insight into how the behavioral variables shaped participants' perceptions. Several participants reported that interaction distance was related to feelings of friendliness.
"When the robot approached closer to me to present the exhibit, I felt the robot being friendly." "I felt distant with the robot when it greeted me from a distance."
However, perceptions regarding the approach speed were mixed. While some participants attributed faster speed to higher friendliness, a few participants related the fast speed to a negative perception.
These comments highlighted individual differences in interpreting social behaviors and indicated that there might be an appropriate range of parameter values to communicate friendliness and form intended impressions [2] .
VI. DISCUSSION
A. Design Implications
This work demonstrates how an interactive robot might use nonverbal behaviors to show varying levels of friendliness, which is integral to building rapport and the development of relationships. Our work has design implications for friendly behavior and human-robot relationships. First, behavioral variables in the temporal (i.e., response time and approach speed) and spatial (i.e., individual distance and attentiveness) domains seemed to effectively influence affective perceptions, such as feelings of friendliness. Researchers and designers may utilize both temporal and spatial variables in behavior to support affective communication, which is key in the development of relationships. Second, adaptively using different behaviors is crucial in both regulating and forming relationships. Researchers and designers need to consider variations of behavior and how to appropriately apply them in contexts that target the development of human-robot relationship. Third, there might be an appropriate value range for behavioral parameters. While increasing approach speed and shortening individual distance might seem to improve the perception of friendliness, approaching too fast or at too close distance created negative perceptions such as pressure on people. Researchers should ensure that the designed behaviors are in the acceptable ranges.
B. Applicability and Generalizability
The presented model of friendliness is subject to differences in robots, situations, and cultures. Different robotic properties might have effects on the appropriateness of the behavioral parameters. For example, while previous research suggested that distances ranging from 0.45 to 1.2 meters between individuals and robots were preferred during interaction [23] , our model suggested a longer distance. However, this discrepancy might be due to the robot's appearance (e.g., humanoid or mobile robot) and method of locomotion (e.g., biped or wheelbased). Moreover, the presented model might be limited in the situation of museum setting. For instance, the behavioral variable, attentiveness, might be implemented in different ways for different settings. While it might be reasonable for a shopping assistant robot to use a user's visibility, as suggested in our model, to manipulate attentiveness, an office robot may engage in different activities to display different levels of attentiveness given that the nature of situation and spatial setup might be radically different from a museum situation. How the model might be adapted to other situations, such as classrooms, offices, or factory settings, requires further investigations. Finally, the literature in human communication has suggested cultural differences in how people might use and perceive behavior differently [3, 15, 17] . The presented model of friendliness was developed within the Japanese culture and might therefore not be applicable to other cultures.
While the presented behavioral parameters might be limited in the context, the use of the four behavioral variablesresponse time, approach speed, interpersonal distance, and attentiveness-to convey friendliness may carry over to other contexts. For example, a mobile robot serving as a shopkeeper may use these variables to show varying levels of friendliness to build rapport with its customers. Moreover, the concept of varying behaviors according to relationships with users may also be applicable to other contexts. For instance, an instructional robot may adapt its level of immediacy [27] through behaviors over time to engage its users and improve the users' perceptions of the robot and learning outcomes.
This paper presents a systematic process of how one might design adaptive behaviors for a robot to interact with humans. This process involves understanding how humans would behave in the context by collecting data of human interaction, identifying behavioral variables, and extracting parameters for those variables, building a computational model of behavior that use the variables and parameters to simulate human behavior, and evaluating the developed model in a situated human-robot interaction. In this paper, we suggest that behavioral variables in both temporal and spatial domains are effective in affective communication.
C. Limitations and Future Work
In addition to the limitations of generalizability discussed above, in this work we focused on nonverbal behaviors only; however, it has been established that verbal behavior is also related to the communication of interpersonal warmth [7] . Including the verbal channel to express varying levels of friendliness might magnify the effects. Moreover, we investigated the perceived friendliness of the robot using a combination of four behavioral variables. Although this setup allowed for a more holistic investigation of behaviors and social processes [40] , it could not explain which variable contributed more to the perceived friendliness. Finally, future research is needed to investigate how interactive robots can gradually apply different behaviors during extended interactions with their users.
VII. CONCLUSION
In this paper, we demonstrate how an interactive robot might express different nonverbal behaviors to shape people's perceptions of friendliness of the robot. In line with literature in human communication and relationships, the interactive robot was perceived as more friendly when showing greater openness and accessibility in communication-less response time, faster approach speed, shorter individual distance, and greater attentiveness. While showing friendly behavior plays a key role in forming positive impressions, it is important for robots to employ varying friendly behaviors to foster the development of relationships with users. This work provides insights for designing appropriately friendly robot behaviors and for enabling human-robot relationships.
